The roles of woody-plant islands are well documented in low-altitude regions, but research related to such shrub effects in high-altitude regions is scant. & Aims Four common shrub species (Cerasus trichostoma, Ribes glaciale, Rosa omeiensis and Salix sphaeronymphe) in a high-altitude forest cutover of the eastern Tibetan Plateau, were chosen to evaluate the effects of both species and size of shrub islands on microhabitats, herbaceous communities and woody seedling regeneration. & Methods Total 86 shrubs with different sizes were investigated; The shrub size, herb community structure and species composition, litter, soil nutrient and microclimate parameters beneath the shrub canopies were also measured. & Results All shrubs significantly ameliorated microclimates, increased content of soil organic matter and total nitrogen, both grass and forb species richness, and litter cover and biomass, and promoted woody seedling recruitment (richness and number), but decreased cover and biomass of the herbaceous community beneath them. These effects were greater for larger shrubs, and also varied among shrub species with different crown architectures. We also found differences in species-dependency of the shrub effect for the responses of the herbaceous and woody seedling species, suggesting that shrubs also indirectly facilitate forbs and seedling regeneration through competition release of grasses. We conclude that shrub-island effects are size-and species-dependent. In order to accelerate natural succession and restoration in alpine cutovers, shrub island preservation and their effective utilization as reforestation microhabitats should be integrated into vegetation management procedures.
Introduction
Shrub-island effects are widely recognized in many ecosystems (Maestre and Cortina 2005; Duarte et al. 2006; Endo et al. 2008) , and can generally be grouped into two categories. One is the microhabitat effect, which includes mainly microclimate amelioration (Franco and Nobel 1989; Endo et al. 2008 ) and soil nutrient enrichment (Garner and Steinberger 1989; Throop and Archer 2008) . The other is the nucleation succession effect, which involves mainly the replacement of herbaceous species and the acceleration of woody seedling regeneration (Pugnaire et al. 1996; Duarte et al. 2006) . Cuesta et al. (2010) found that the shrub Retama sphaerocarpa not only directly facilitated late-successional Quercus ilex seedlings by reducing seedling photoinhibition and water stress, but also improved seedling growth indirectly by reducing the competitive capacity of herbs. In most cases, these two kinds of shrub-island effects (including direct and indirect effects) occur simultaneously and are equally important, especially for ecosystems in stressed environ-ments (Brooker et al. 2008) . Indeed, shrub-island effects are managed by a complicated interaction among biotic and environmental factors, with direct and indirect, and positive and negative interaction mechanisms, and vary across spatial and temporal scales (Levine 1999; ReismanBerman 2007; Brooker et al. 2008) . Therefore, a better understanding of shrub island effects across spatiotemporal scales will provide an important pathway towards understanding plant-environment interaction mechanisms.
Shrubs with different size and crown architectures differ in how they affect the microhabitat (Li et al. 2007; Throop and Archer 2008) . These differences may lead to the formation of different assemblages of herbaceous and woody plant establishment beneath the shrub, which will affect patterns of nucleation succession, involving mainly the replacement of herbaceous species and the acceleration of woody community regeneration (Pugnaire et al. 1996; Duarte et al. 2006; Endo et al. 2008) . In addition, different plant species, such as grasses and forbs, may be affected differently by shrub islands; forbs usually exhibit morphological, life historical and ecophysiological characteristics that contrast sharply with those of grasses, e.g., their intrinsically higher photosynthetic capacity and resource-use efficiency compared to grasses (Turner and Knapp 1996) . They can therefore, be expected to react differently to shrubs if shrubs affect light intensity and soil nutrient levels. Alpine plants have shorter growth periods, and have to endure higher radiation and lower temperatures when compared with low elevation regions. Thus, alpine plants face more rigorous challenges and experience different growth processes, and have developed various adaptation strategies to cope with those environmental restrictions (Körner 2003; Dona and Galen 2007) . Investigating the roles of alpine shrub islands would help our understanding of the mutual interaction of plants and vegetation dynamics in the unique alpine environment.
The roles of woody-plant islands in forest restoration have been well documented in low-altitude regions (Mattson and Putz 2008) . However, relevant research in high-altitude destroyed regions is scant (Dona and Galen 2007) , and the relationships between species, island size and their effects in these habitats are not well understood.
Alpine cutovers are found extensively on the eastern Tibetan Plateau, as a consequence of excessive logging alpine forests near the timberline (3,400-3,900 ma.s.l.) (Wang et al. 1995) . Currently, most recent cutovers (< 25 years) remain in the early succession stage, still covered by herbaceous communities with scattered shrubs (Bao 2004) . Although traditional reforestation has been carried out after clear felling for the past 30 years, most such efforts have not succeeded, due mainly to the harsh climate, environmental degradation and yak grazing (Wang et al. 1995; Bao 2004) . Developing ways to effectively promote restoration of alpine cutovers has been being a pressing problem related to the establishment of regional ecological safety barriers. Previous work in the alpine region has found that cultivating spruce seedlings beside tall shrubs can allow better survival and growth, implying that microhabitat improvement by shrubs is probably one of the mechanisms responsible for this (Wang et al. 1995; Bao 2004) , but this has not yet been tested. It is well known that vegetation succession on cutovers after forest logging proceeds from herbs to shrubs and finally to the forest stage, and that shrubs provide a key link from herbs to the woody stage, but there is little information on succession mechanisms relating to the role of shrubs on alpine clear-cut areas.
In the present study, therefore, we chose four common shrub species to evaluate the effects of shrub size and species on a high-altitude cutover in the eastern Tibetan Plateau. The following questions were addressed. (1) How do shrubs affect microhabitats in the high-altitude cutover? (2) How do shrub islands affect the herbaceous community in the understorey, especially grasses and forbs? (3) How do shrub islands affect natural recruitment of woody seedlings? (4) How do these effects vary with shrub size and species?
Methods

Study site
The study area is located in Rangtang County, northwest Sichuan Province, China (32°19′N, 100°48′E). It is a typical high-altitude forest-grassland ecotone of the eastern Tibetan Plateau. It lies in a plateau monsoon climate area with an annual average temperature of 4°C and an annual average rainfall of 700-800 mm. The growing season for vascular plants is about 90-105 days per year, from late May to early September (Wang et al. 1995) . The main vegetation types in the region are primary spruce forests, alpine scrublands and meadows. Large-scale harvesting of the original forests occurred from 1976 to 1998, and left a sequence of cutovers of an average size of about 5 ha. Most cutovers are dominated by herbaceous communities with sparse shrubs. Our study was undertaken on an 18-year-old cutover (area: 5.3 ha; slope: 23°; aspect: NW 26°; elevation: 3,650 ma.s.l.), where herbs and shrubs account for about 85 and 15% of total cover, respectively.
Focal shrub species
Four deciduous shrub species, Cerasus trichostoma, Ribes glaciale, Rosa omeiensis and Salix sphaeronymphe (hereafter referred to as Cerasus, Ribes, Rosa and Salix, respectively), were selected because they are common on the high-altitude cutovers, and have different crown architecture and fruit type: Ribes (low-branching, fleshy fruits), Cerasus and Rosa (medium-branching, fleshy fruits), and Salix (high-branching, dry fruits). In August 2008, Cerasus, Ribes, Rosa and Salix of different sizes were chosen and the corresponding area, age and height were investigated in the field (Table 1) . Crown cover was estimated from crown projection diameter as the shrub area. The distance from the ground to the mean height of most sprout stems were determined by tape measure as the shrub height. The age of the shrub was determined by counting the growth rings of the thickest branch.
Microclimate measurements
To investigate the microclimate effect of shrub size and species, we chose 48 additional shrubs randomly, and then classified them into three classes according to area size: small (0.5-1.0 m 2 ) medium (2.0-3.0 m 2 ) and large (5.0-7.0 m 2 ) shrubs, with four shrubs for each of the three classes. Light intensity, air temperature and relative humidity at 5 cm above the ground on the down-slope middle position of the shrub canopy were measured from 12:00-14:00 pm on two sunny days (17-18 August 2008) . We presumed that the selected summer sunny days at noon could represent the common typical situation beneath shrub islands and could allow better comparison of microclimate differences. Light intensity was measured using a TES-1339 Light Meter Pro (TES Electrical Electronic, Taiwan). Air relative humidity was calculated from readings of dry and wet bulb temperatures of a psychrometer (Red Star Instrument, Hebei, China), and the dry bulb temperature regarded as air temperature. Moreover, meadow without shrub cover on the cutover was selected as a control check (CK) and the same climate variables were measured at the same time. For each variable, we took at least three readings and used the mean value for the statistical analysis. Light transmission was derived from the ratio of light intensity under the shrub and the CK, and vapor pressure deficit (VPD) was calculated (Jones 1992 ) from air temperature and relative humidity.
Community survey
Firstly, the projected canopy area for each of the 86 shrubs was regarded as a plot. The plot was divided into four parts (north, south, east and west) in which all herbaceous species, and number and species richness of woody seedlings were recorded. We then set one subplot of 50 cm×50 cm (0.25 m 2 ) in the center of each part to investigate coverage of the total herbaceous community, grasses, forbs and litter. We also measured above-ground herbaceous biomass and litter mass by clipping all the herbaceous plants at ground level and collecting the litter, respectively. We regarded the part as one subplot if it was too small to set up a 50 cm×50 cm subplot. There were only 14 such subplots (parts) of insufficient sampling size (i.e., 50 cm×50 cm) in 11 small shrub islands. In addition, we established 70 plots of 1 m×1 m in the meadow between shrub islands as a control (CK), where all the parameters investigated for shrubs were measured. Samples of plants and litter were transferred into the laboratory, dried at 70°C for 12-13 h and weighed for dry mass. Plant individuals found during the survey were identified in the field when possible or collected for later identification at the herbarium. We calculated the average cover value by four subplots.
Soil sample collection and nutrient analysis
Soil samples (0-20 cm layer) under shrub canopies and in the meadow field were collected by soil auger for the determination of nutrient content. From the center of each part, three to five sub-samples were combined onsite into a composite sample for one shrub island. All soil samples were air-dried, sieved through a 2-mm mesh and analyzed for soil organic matter (SOM) content by the Walkley-Black method, for total nitrogen content (TN) by the Kjeldahl method, and for total phosphorus content (TP) by Mo-Sb spectrophotometry (Liu 1996) .
Statistical analyses
Each microclimate variable for each plot of shrubs was an average of five replicated measurements. Differences in light transmission, air temperature and VPD among Cerasus, Ribes, Rosa and Salix between each shrubarea class and between the three area-classes of one shrub species were tested separately by one-way ANOVA and post hoc LSD tests. For each shrub species, we performed a series of linear regression analyses to determine the effects of shrub area on soil nutrients (SOM, TN and TP), on the herbaceous community (richness and cover of total herbaceous plants, grasses and forbs; and herbaceous plant biomass), on the litter (cover and biomass), and on woody seedling recruitment (richness and number). All the shrub area data was natural log-transformed to achieve normality. Differences in the intercept and slope of linear regression equations for one variable among Ribes, Cerasus, Rosa and Salix were then tested by analysis of covariance (generally known as ANCOVA) and the shrub area, species and the evaluated parameter were considered as the covariate, fixed factor and dependent variables, respectively.
Mann-Whitney non-parametric tests were used to identify differences in TP among Cerasus, Ribes, Rosa, Salix and CK by considering all samples from the same shrub species as replicates, because TP within the canopies did not vary with patch size for each shrub species. A t-test was used to determine differences in richness and number of woody seedlings between Ribes and CK, since both did not vary with Ribes shrub area. All statistical analyses were carried out using SPSS 16.0 for Windows (SPSS, Chicago, IL). Data of cover of total herbaceous community, forbs, grasses and litter, and herbaceous biomass were derived from the subplot level; and data of richness of herbaceous plants, grasses and forbs, and richness and number of woody seedlings were derived from plots or shrub islands.
Results
Microclimate
The light transmission, ground air temperature and VPD decreased with increasing shrub area for all four species (Table 2) ; however, there were no significant differences in ground air temperature and VPD among Cerasus, Ribes and Rosa, regardless of size. Only Salix islands (compared to the other species) had significantly higher values of air temperature for the medium area class and in VPD for the two larger area classes. Salix islands had significantly higher values for light transmission, in the two smaller area classes, namely small and medium class. In general, there were lower light transmission intensities under Ribes islands compared with the other three species.
Soil nutrients
Both SOM and TN beneath the shrubs were increased significantly with increasing area for all shrub species Table 2 Difference in light transmisssion, air temperature, and vapor pressure deficit (VPD) for the three area classes among Cerasus, Ribes, Rosa and Salix islands on a high-altitude cutover, eastern Tibetan Plateau. n=4 for each area class of each shrub species. Means ± SE were are shown. Different uppercase letters indicate significant differences among small, medium and large shrubs within the same species, and different lowercase letters indicate significant differences between four shrub species within the same area class (ANOVA, LSD test, P<0.05)
Light transmission (%)
Air temperature (°C) VPD (kPa) evaluated ( Fig. 1) . The intercepts from the regression functions among the four shrub species were significantly different: Ribes > Cerasus = Rosa > Salix (Table 3) . For the small shrub area class, the SOM was highest for Ribes, intermediate for Cerasus and Rosa, and lowest for Salix.
The slope values among Ribes, Cerasus and Rosa islands did not differ, but were all higher than that of Salix ( Table 3 ), indicating that SOM and TN accumulation rates under Salix islands were the smallest. TP content, however, did not vary significantly with area for each shrub species; and also no significant differences were seen among Cerasus, Ribes, Rosa, Salix and CK.
3.3 Herb species richness, cover and biomass
In total, 124 herb species (13 grasses and 111 forbs) belonging to 89 genera and 32 families were found under all shrub islands investigated. Only 69 herb species (10 grasses and 59 forbs) belonging to 53 genera and 25 families were recorded in the contrast meadow, all of which were also found under the shrub islands. There were 65 species (3 grasses and 62 forbs) recorded solely beneath the shrub islands investigated (Appendix 1). For all shrub species, the richness of total herbs, grasses and forbs all gradually increased with shrub area (Fig. 2 ). There were no significant differences in either the intercepts or slopes of linear regressions between the four shrub species for the richness of total herbaceous plants, grasses and forbs, except that the intercept for grass richness under Salix was lower than for the other species (Table 3) . Total herb cover and biomass decreased markedly with increasing shrub area (Fig. 3) . The intercepts of the linear regressions for both the herb cover and biomass differed significantly among shrub species: Salix > Cerasus ≈ Rosa > Ribes (Table 3 ), suggesting that herb cover and biomass were highest under Salix, intermediate under Cerasus and Rosa, and lowest under Ribes in the small shrub area class. The absolute slopes for the total herb cover and biomass for Ribes were significantly higher than those for Cerasus and Rosa, which were in turn higher than for Salix (Table 3) . Thus, the rate of decrease in total herb cover and biomass under Ribes was highest, intermediate under Cerasus and Rosa, and lowest under Salix.
Furthermore, grass and forb cover responded differently to increasing shrub area: the former decreased significantly and the latter increased (Fig. 3b,c) . The intercepts of the regressions for grass cover under Cerasus, Rosa and Salix did not differ significantly, but were clearly higher than that of Ribes (Table 3) . Thus the grass cover under Ribes was the lowest for the small area Table 3 Table 3 Results of linear regression analysis between shrub area and variable of herbaceous community, litter and woody seedling on a high-altitude cutover, eastern Tibetan Plateau. SOM Soil organic matter, TN total nitrogen, TP total phosphorus, HR herbaceous richness, GR grass richness, FR forb richness, HC herb cover, HB herb biomass, GC grass cover, FC forb cover, LC litter cover, LB litter biomass, RWS richness of woody species, NWS number of woody seedlings. Different uppercase or lowercase letters indicate significant difference in intercepts or slopes among Cerasus, Ribes, Rosa and Salix (ANCOVA, P<0.05), respectively Variable Cerasus (n=22)
Ribes (n=23) Rosa (n=21) Salix ( class. The species obviously differed in their absolute slopes: Salix > Cerasus ≈ Rosa > Ribes (Table 3) , demonstrating that the decreased rate of grass cover in relation to shrub canopy area was highest for Ribes, intermediate for Cerasus and Rosa, and lowest for Salix. As for forb cover, the intercept of the function was greatest under Ribes of the four species (Table 3) . The slope of the regression for Salix was less than for Cerasus, Ribes and Rosa ( Table 3 ), indicating that the increased rate of forb cover in relation to shrub canopy area under Salix was the lowest.
Litter mass and cover
The litter cover and mass increased gradually with area for all four shrub species (Fig. 4) . The intercept and the slope of the linear regression for litter cover under Salix were lower than those under Cerasus, Ribes and Rosa islands ( Table 3 ), suggesting that litter cover under Salix was lowest beneath the small shrub area, and that its accumulation rate with increased shrub area was also lower. For litter mass, the intercepts differed significantly: Ribes > Rosa ≈ Cerasus > Salix (Table 3 ), indicating that Ribes had the highest litter mass and Salix the lowest under the small area of the four species. However, the slope under Salix was lower than for Cerasus, Ribes and Rosa, indicating that the accumulation rate of litter mass with increased shrub area was lowest under Salix.
Woody seedling recruitment
In total, 17 woody plant species seedlings belonging to eight genera and five families were found under the 86 shrub islands investigated. However, only four woody plant species seedlings (Rubus pungens, Rosa omeiensis, Spiraea omeiensis and Salix cupularis) were recorded in the meadow field (Appendix 2). There were 13, 11, 9 and 15 shrub species identified under the Cerasus, Ribes, Rosa and Salix islands, respectively. No tree seedlings were recorded under shrub canopies or in the meadow field. Moreover, 13 out of the 17 woody plant species were vertebrate-dispersed (Appendix 2). The species richness and number of woody seedlings correlated positively with shrub area for all shrub species except Ribes ( Fig. 5; Table 3 ). The intercept and slope of the linear function for the richness of woody seedlings were higher under Salix islands than Cerasus and Rosa (Table 3) . This suggested that woody seedling richness under Salix shrub area for Cerasus, Ribes, Rosa and Salix. Details of the linear equations are given in Table 3 islands was the greatest of the four species for the small area class, and that the accumulation rate was the highest. For the number of woody seedlings, the intercepts showed no difference among the four species (Fig. 5, Table 3) ; however, the slope for Salix was significantly higher than for Cerasus and Rosa (Table 3 ). ANCOVA test indicated that all these slopes were noticeably higher than CK (P<0.05, for all cases), suggesting that the rates of increase in the number of woody seedlings in regard to shrub area under these three shrub species were higher than for shrub-free meadow (CK). The richness and number of woody seedlings for Ribes were also greater than in CK (by t-tests, t=7.258, P=0.001; t=4.331, P=0.017, respectively).
Discussion
Microhabitat effects
Our results show clearly that existing shrub significantly reduces light transmission, air temperature and VPD within islands; and that shrub development provided a microclimate gradient according to shrub size (Table 2) . These findings in a high-altitude cutover agree with other observations in low-altitude semi-arid and arid regions (Endo et al. 2008 ). These results can be attributed mainly to variation in foliation levels related to age-dependent size for individual shrub species, since the shrub shading Table 3 level is positively related to foliation level (ReismanBerman 2007) and a shaded microenvironment reduces ground air temperature in summer (Suzán et al. 1996; Shumway 2000) . Moreover, the lower temperature and solar radiation would lead to lower VPD (Franco and Nobel 1989) as occurred in the present study (Table 2) . We also found a significant difference in microclimate effect among the shrub species (Ribes, Cerasus, Rosa and Salix). The difference in branching angle of crown architecture among shrub species may reasonably explain this. Salix has a higher branch-angle (and low foliation level) and is thus easier for sunlight to penetrate than the other shrubs. Consequently, beneath Salix islands there was higher light transmission, air temperature and VPD than beneath Ribes (Table 2) . Microclimate amelioration, especially the reduction in light transmission and VPD would be very important in high-altitude regions, since mortality of transplanted spruce seedlings in this region is attributed mainly to desiccation and heat stress (Wang et al. 1995) . Therefore, the four investigated shrubs of the high-altitude cutovers could be promising nurse plants for target tree seedling establishment and growth, supporting previous results from spruce seedling reforestation experiment (Wang et al. 1995; Bao 2004) . Shrub islands on the high-altitude cutover significantly improved SOM and TN contents, consistent with results from low-elevation regions ). Furthermore, SOM and TN contents beneath shrub canopies were significantly and positively related to shrub area, supporting the prediction of Maestre and Cortina (2005) . Shrubs can trap plant detritus more effectively, both without and within a canopy, than the Table 3 herb community in a meadow field , resulting in litter accumulation under shrub canopies (Fig. 4) . Differences in crown architecture may also be responsible for the differences in SOM and TN among shrub species. For instance, Li et al. (2007) found that soil nutrients under Tamarix spp. with their hemispheroidal crowns were significantly higher than those under Haloxylon ammodendron with their Y-shaped crowns, suggesting that Y-shaped crowns were less capable of capturing and maintaining the litter under them than hemispheroidal crowns. Consistent with this, our results showed that there was the highest amount of litter mass accumulation beneath Ribes with its low branching and hemispheroidal crown, medium under Cerasus and Rosa with their medium branching, and the lowest beneath Salix with its high branching (Fig. 4) . This resulted in the highest SOM and TN under Ribes, medium under Cerasus and Rosa, and the lowest under Salix (Fig. 1a,b) . However, there was no difference in TP content beneath the different shrubs, and between the shrubs and contrasts (Fig. 1c) . This is in contrast to the results of Zhao et al. (2007) , who found that TP content within a shrub canopy was higher than outside, and that there were significant differences between two species of different canopy shapes. Surprisingly, we found that TP content also did not vary with shrub area for all four shrubs evaluated. Further investigation will be required to explain this result.
Herb community effects
We found that greater herb species richness existed beneath shrubs, and many species were associated exclusively with the shrubs. Furthermore, the richness of the herb species increased significantly and positively with shrub area for all four species examined (Fig. 2) . Most notably, we found that grass cover was reduced significantly with increasing shrub size, while forb cover increased (Fig. 3b,c) , suggesting a shift from grass-to forb-domination under shrubs as area-size increased. Similar relationships have been found for Mediterranean shrubs such as Ephedra fragillis and Quercus coccifera (Maestre and Cortina 2005) . We should note that the different effects of shrub on herb development with the increasing area are correlated closely to shrub species identity, resulting in stronger effects for Salix than other three species (Table 3) .
The herb community effects can be related closely to microhabitat effects. Throop and Archer (2008) suggested that there are more complex spatial patterns of microclimate under larger shrubs. Such microhabitat heterogeneity could promote differentiation of niches, which increase in number and availability as shrub size increases, leading to establishment of more species (Pugnaire et al. 1996) . In present study, shrubs reduced light transmission, so more light-intolerant herb species could occur under larger shrubs with lower light transmission. The effects may also be ascribed to the different responses of forbs and grasses to microhabitat alternation with increasing shrub area according to their adaptation strategies. Forbs generally have higher nitrogen and water requirements than grasses, so the increased availability of these resources may have a greater positive effect on forbs than on grasses, and could enhance individual performance, and result in greater population size and/or biomass production (Turner and Knapp 1996) . Moreover, low light conditions, especially in the early growing season, may be less limiting to forbs than grasses, because photosynthesis in forbs saturates with respect to light at a much lower photosynthetic photon flux density (Turner and Knapp 1996) . The increase in soil nitrogen and moisture, along with the reduction of available light may thus favor forbs and/or reduce the competitive capability of grasses (Seastedt et al. 1991; Wedin and Tilman 1993) . In addition to plant adaptation strategy, the herb community effects of shrubs can be explained according to the indirect facilitation mechanism (Levine 1999; Brooker et al. 2008; Cuesta et al. 2010) . The occurrence of shrub species may also convert competition between grasses and forbs into indirect facilitation. Levine (1999) proposed that apparent indirect facilitation may be more likely in assemblages where the different pairs of competitors have significantly different mechanisms to acquire resources. Cuesta et al (2010) provides testimony that the nurse shrub indirectly facilitated seedling growth by reducing the competitive capacity of herbs. Shrubs, forbs and grasses are quite different growth entities, and thus would differ in their pathways to acquire resources; consequently shrubs produced a strong indirect facilitative effect on forbs by suppressing the competing grasses, resulting in a shift from grass-to forb-domination composition with increasing shrub island area.
Effects on woody seedling recruitment
Shrubs facilitate woody seedling recruitment by enhancing the richness of shrub species and increasing the number of shrub seedlings (Fig. 5) . Such results can be attributed to the shrub function of the recruitment foci. Shrubs can attract seed-dispersing animals by providing perches, fruits, shade and nesting sites, thus increasing the number and diversity of seeds arriving under their canopies (Duarte et al. 2006) . Consequently, the richness and number of seedlings under the shrubs were obviously higher than in the open meadow, and were positively related to shrub area for all evaluated shrub species except for Ribes (Fig. 5) . Shrubs can also improve the number and richness of woody plant seedlings indirectly by reducing the competition intensity from herbs (Cuesta et al. 2010) . In our present work, the decreasing cover and biomass of the herbaceous community meant less resource utilization (e.g., amount of soil nutrients) with increasing shrub area (Fig. 3) ; therefore, better resource availability probably promoted more richness and a greater number of woody seedlings under larger shrubs (Fig. 5) . Kunstler et al (2006) found that the promotion of woody seedling establishment beneath shrubs can also be due to indirect facilitation by shade and competition release from herbs, supporting the above speculation.
Slocum (2001) suggested that woody species with fleshy fruits will probably attract more seed dispersers than those with dry fruits, resulting in favorite woody seedling renewal. However, Salix with dry fruits gave rise to a greater richness and number of woody seedlings than the other three species with fleshy fruits (Fig. 5) , indicating that barriers to seedling establishment after seed dispersal were also probably working. Thus, litter may be responsible for the different effects on woody seedling recruitment, as it can inhibit seed germination and seedling establishment of woody species (Xiong and Nilsson 1999) . In present work, beneath Ribes presented greater litter cover and biomass but lower richness and number of woody seedlings; conversely, Salix has smaller litter cover and biomass, but higher richness and amount of shrub seedlings (Table 3) .
Our results also displayed the difference in the facilitation effects from four shrub species for herbaceous species and woody seedlings. The ranking in species effect on the slopes of increasing effects with area was different for the herbaceous species and the woody seedlings (Table 3) . Indeed, for herbaceous species, the slope of Salix was lower than that of the three other species (lower effect of Salix), whereas for woody seedlings the slope of Salix was higher (higher effect of Salix) (Table 3) . Possible explanations were the shade-tolerance difference for herbaceous species and woody seedlings, and the microhabitat resource difference beneath various shrub islands. Forb species, which account for the major proportion of total herbaceous species, have higher shade-tolerance than woody seedling species, which are composed of early-succession shrubs such as several species from Rubus and Lonicera genera (Appendix 2). The indirect positive effect of the shrubs on both forbs and woody seedlings is due to the competition release of the grasses mentioned above. However, the facilitative effects can be modulated by changing spatiotemporal resources (Soliveres et al. 2010; García-Palacios et al. 2011) , and these effects can therefore vary with increasing shade of the shrubs (with area) from Salix to Ribes (Table 3; Figs. 2, 5) . We presume there is a threshold of shade above which the effect switches from positive to negative, and that this threshold is earlier for woody seedlings than for forbs, likely because woody seedlings are less shade-tolerant than forbs. Thus, the shade of Salix is at the threshold of this switch for woody seedlings but not for forbs. Although some studies indirectly support this standpoint (Kunstler et al. 2006; Brooker et al. 2008; Cuesta et al. 2010) , further research to obtain direct evidence with which to explore this question still is required.
Conclusion
There were clear effects of shrub islands on microclimate (light transmission, air temperature and VPD), soil nutrients (SOM and TN), herbaceous community (species richness, cover and biomass) and woody seedling recruitment (richness and number) in alpine forest cutovers. These effects were greater for large shrubs than small ones, and also varied among shrubs with different crown architectures, with the result that shrub effects were species-and size-dependent. We also found that differences in species-dependency of the shrub effect for the responses of the herbaceous (grasses and forbs) and woody seedling species, suggested that shrubs also indirectly facilitate forbs and seedling regeneration through competition release of grasses. Thus, the established shrubs can improve hash microhabitats, alter the properties of the communities beneath, facilitate light-tolerant plant diversity development, and accelerate the natural succession process from the herb stage to the shrub stage in patches on cutovers in the high-altitude region of the eastern Tibetan Plateau.
Our results, which will be of use to inform practices in alpine forest restoration and cutover management, suggest that shrub preservation and their utilization as nurse plants for reforestation should be applied to cutover vegetation management prescription in alpine regions. Also, it is better to select large shrubs like Salix as nurse microhabitats for reforestation because they have stronger positive effects on woody seedling nursing. 
